Abstract: Physical inactivity has been a leading factor of chronic diseases and high rate of mortality in the world. Despite the fact, only a small portion of people are able to meet up the recommended physical activities. However, there are handful studies suggest that built environment may provide stimulus or barriers to people's participation in physical activities. Drawing upon this context, this paper aims to review articles regarding 'built environment and physical activity' focusing on characteristics of built environment which are particularly helpful in improving neighborhood environment, and to catch the attention to physical activities, such as walking, and cycling. It also critically reviews the measures of built environment, and finds three measures viz. (i) perceived environment measures, (ii) observational measures, and (iii) GIS-based measures. The article argues that integrated measures of built environment might be helpful to reduce limitations of individual measures and to understand the reasons of less participation in physical activities. It also suggests some practical interventions for improvement of built environment which is essentially inevitable to persuade physical activities.
Introduction
Physical inactivity, being the second leading modifiable risk for chronic disease, accounts for a significant amount of mortality in the Western countries (WendelVos et al. 2007 ). Studies on physical exercise behaviors indicate that cardiovascular disease, hypertension, high cholesterol, low bone density, obesity and low physical fitness are linked with sedentary lifestyle (Davison & Lawson, 2006; Sheu-jen, Wen-chi, Patricia, & Jackson, 2010) . It is also reported that physical inactivity is an important cause of diabetes and certain types of cancers (United States Department of Health and Human Services, 1996) . Moreover, people with inactive habit of exercise are deprived of positive social and emotional exchanges that generally help to reduce anxiety, stress and other psychological problems (Hassmén, Koivula, & Uutela, 2000) .
Only a small portion of people are able to meet up the recommended physical activities. Around 14% American young people are completely inactive and another 35% of youth fail to meet the minimum activity guidelines (Davison & Lawson, 2006) . Only 29% of women, aged 45 to 64, meet the Surgeon General's recommendations of 30 minutes of activities per week (King et al. 2005) . The negative health impacts from physical inactivity have aroused international efforts to prioritize activity promotion ).
Built environment may provide stimulus or barriers to people's participation in physical activities. Prior studies indicate that positive environmental intervention forms a strategic approach in promoting physical activities (Leslie et al. 2007) . Links between elements of physical environment and active lifestyle have been confirmed by a wide range of studies. In order to encourage physical activity, insights into factors that facilitate or inhibit physical activity need to be examined. Despite there are a couple of reviews on potential environmental attributes on physical activities, a systematical review on attributes of built environment shaping physical activities and approaches to measure those attributes are less documented. In addition, this article argues that integrated measures of built environment might be helpful to reduce limitations of individual measures and to understand the reasons of less participation in physical activities. However, specifically, this paper summarizes the environmental factors that affect physical activities and the state of the arts of the ways used to measure those factors. Moreover, it tries to identify limitations of current studies related to built environment, and shed lights on future research directions. It hopes to provide suggestions for environmental interventions in landscape and urban planning to promote physical activity behaviors. This paper is divided into four sections. The second section provides a systematic summary of different characteristics of built environment that are associated with physical activities. The third section reviews the methods used to measure those characteristics. The fourth section points out several future research directions. And some environmental interventions are proposed in the concluding section.
Characterizing built environment
There are researches regarding environmental attributes of built environment in relation to physical activities. Based on a comprehensive literature review, this section tries to summarize characteristics of built environment. The characteristics can be categorized into six sub-headings viz. non-motorized transport infrastructure, destination distribution, safety, landform, local amenities and others (Figure 1 ).
Non-motorized transport infrastructure
There are researches in transportation studies investigate human health issues, mainly focusing on traffic-related injuries and automobile related air pollution (Sallis, Frank, Saelens, & Kraft, 2004 ). An increasing number of them have also integrated methods in behavioral research into the health and urban planning researches to examine the connection between physical activities and non-motorized transportation infrastructures (King et al. 2002) . It is also reported that physical activity is associated with presence of sidewalks, bicycle trails and the inclusive of walking route (Craig et al. 2002) . The presence of bike-lanes is also correlated with physical activity (Inoue et al. 2009 ). Improvement in cycling infrastructure, such as off-road bicycle lanes is likely to increase cycling among underrepresented population such as women (Garrard, Rose, & Lo, 2008) . Quality and maintenance of the sidewalk is also examined among the elderly population (Gómez et al. 2010) . Some of them also suggest that adequate sidewalks and people-oriented public walking tracks especially for all ages and both genders are important factors that may encourage physical activity (Gallagher et al. 2010) .
Destination distributions
Six domains of destinations are summarized based on a research by Witten et al. (2011) (Figure 1 ). Recreational destinations may be considered as the convergences of physical activities around neighborhoods, for instance basketball courts, golf courses, parks, martial arts studios, playing fields, tracks, skating rinks, swimming pools, tennis courts and gymnastic clubs (Baker et al. 2008; Scott et al. 2007 ). Educational destinations include schools, universities and daycare centers (Witten et al. 2011) . Transport destinations comprise ports, bus stops and railway stations (Brown & Werner 2009; Rietveld 2000) . Social and cultural destinations are the places where people can meet and share interest, including mosques, temples, churches, cafes and bars. Pfeiffer et al. (2011) investigate the association of physical activity and church availability, church attendance, and find a positive correlation between physical activity and the proximity to and use of churches. Shopping and retail facilities are the places where daily needs can be met, such as food retails and shopping centers. Zick et al. (2009) state that the availability of food stores in the neighborhood is correlated with physical activities, which may reduce the risk of obesity. The last domain is service destinations, where services are provided to facilitate daily life, such as hospital, bank, and post office etc. Distance to major services is likely to influence walking trip in local neighborhood (Leslie et al. 2007 ).
However, destination distributions have been accounted for three aspects: accessibility, intensity and patterns (Brownson et al. 2009 ). Accessibility refers to road network which enables individual to reach destinations (Geurs & van Wee 2004) . Access to a variety of destinations has been examined by previous studies (Coombes et al. 2010) . It was found that the size and attractiveness of facilities were also incorporated as characteristics of each destination when evaluating accessibility (Lackey & Kaczynski 2009) . Intensity stands for the number or proportion of destinations in a certain area. Recreational resources are examined by counting the number of destinations in certain geographic area (Baker et al. 2008) . And finally, patterns indicate the degree the evenness or diversity of different destinations in a certain area, which can be quantified by balance index or entropy measures (Brownson et al. 2009 ).
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Safety
Safe environment is a critical indicator for physical activity, which has got much attention of prior studies. Safety with regard to physical activity was mainly investigated in two aspects, viz. traffic hazard and crime threat. Traffic-safety related infrastructures, such as pedestrian lights, speed humps, speed limit and traffic volume have been proved to be very important in promoting physical activity (Carver et al. 2010 ). Foster & Giles-Corti (2008) also find fear of crime including vandalism, robbery, burglary and rape in the neighborhood which are correlated with tendency of less outdoor activities. In addition, there are studies examine categories of susceptibility to different slice of populations, such as adolescent, old adults, pregnant women (Foster & Giles-Corti 2008; Mudd, et al. 2009; Tucker-Seeley et al. 2009 ).
Landform
Characteristics of physical landform have direct and indirect relations with human health. Several dimensions of landform have been examined in previous researches (Sallis et al. 2004; Leslie et al. 2007; Gomez et al. 2010; Xu et al. 2010 ). The dimensions include road connectivity, land use mix, slope and residential density (Figure 1) . Connectivity represents the degree that destinations are linked together based on road network. Highly connected road network provides greater potential routes and convenience to reach destination (Leslie et al. 2007 ). Land use mix measures the degree of hybrid living space, which signifies the extent of reliance on automobile. It was found that land use mix is related to greater walking or cycling among residents (Sallis et al. 2004) . Slope of the land is found to be negatively correlated with walking of elderly people. Gómez et al. (2010) note that people who live in areas with slope greater than 5% are less likely to walk more than 60 minutes. Residential density is another important indicator of neighborhood built environment. Higher density of residents normally implies more destinations and increased social capitals, which facilitates walking and cycling within the communities. Nonetheless, both negative and positive relationship between physical activity and residential density are reported in previous studies (Kligerman et al. 2007; Xu et al. 2010) .
Local amenities
There are local amenities that have also been investigated to understand their significance in enhancing physical activity (Figure 1 ). Visual aesthetics of neighborhood such as color, texture, composition, configuration, attractiveness, visual interests and variety and enjoyable scenery are associated with walking (Craig et al. 2002; Inoue et al. 2009; Mota et al. 2005) . Greenness is another local amenity, which characterizes neighborhood environment and provides opportunities of outdoor physical activity for the residents (Leslie, Sugiyama, Ierodiaconou, & Kremer, 2010) . Coastal environment may also be an important stimulus of physical activity. It was found that the residents stay in the coastal locations walk considerably more minutes in their neighborhoods than others (Humpel et al. 2004) .
Others
Besides the factors discussed above, there are several neighborhood characteristics, which are found to be correlated with physical activity. These are population density, urban sprawl, weather conditions, and blighted areas. Sallis et al. (2004) show that density of population has a consistant positive correlation with walking behaviour. It was also explored that urban sprawl fairly correlates with walking minutes, implying that urbanization may increase non-motorized mobility (Ewing et al., 2003) . There are evidences also indicate that weather condition is associated with physical activity (Davison & Lawson 2006; Humpel et al. 2004 ). In addition, blighted areas also decrease the tendency of walking and cycling in the neighborhood. For example, presence of unattended dogs, air and noise pollution and home-age are correlated with neighborhood walking or cycling (Berrigan & Troiano 2002; WendelVos et al. 2007 ).
Measuring built environment
For an authentic characterization of different aspects of built environment, developing high quality and suitable measures is pivotal (Sallis et al. 2000) . Brownson et al. (2009) state three categories of measures for characterizing physical environment: (i) perceived environment measures, (ii) observational measures and (iii) GIS-based measures. Drawing upon these characterizations, this section reviews existing measures of environmental attributes in the light of characteristics of built environment discussed in section two.
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Perceived environment measures
Questionnaires and interviews are two common ways to collect respondents' perceptions about the neighborhood environment. Interviews are normally conducted in the form of in-person or telephone interview while questionnaires are mostly distributed in certain locations or dispatched by mails. Both ways have been used to demonstrate associations between physical-environmental characteristics, such as accessibility with recreational facilities and aesthetics (Mota et al. 2005) , and neighborhood safety with physical activity (Mudd et al. 2009 ). A couple of perceived physical environment including land use mix condition, available facilities, traffic and crime safety, aesthetics, street connectivity and residential density were surveyed in different cities, based on a composite index which was calculated to represent the general neighborhood environment (Rosenberg et al. 2009; Sheu-jen et al. 2010 ).
Both questionnaires and interviews are important tools for reflecting residents' perception about their living environment and for unveiling their everyday experience, adaptation and interaction with natural spaces. Nonetheless, self-reported neighborhood characteristics based on interview methods may vary largely because of individual economic and sociocultural differences. In addition, the non-response rate may correlate with the length of the questionnaires and number of respondents attended in the survey (Brownson et al. 2009 ). In addition, it is very difficult to measure spatial attributes of perceived environment. This might be a reason why many researches ignore spatial dimension of neighborhood environment.
Observational measures
Environmental audit of the qualities of environment in relation to physical activities is another important and frequent-used observational measure (Brownson et al. 2009 ). Systematic on-site observation can be used to record different aspects of physical environmental characteristics, such as accessibility and pleasurability (Franzini et al. 2010) ; and traffic, sidewalk, and aesthetics (Suminski et al. 2008) . Since the in-person observation of physical environment is labor-intensive, and time-consuming to conduct; observation requires some knowledge and practical experiences in the relevant fields. Several recent studies tried to "remotely" audit physical environment using some technical platforms, such as Google Earth and Google Map Street View (Rundle et al. 2011; Taylor et al. 2011) , which dramatically increase the efficiency of measuring physical environment. Thus it seems that this type of observational measure might be a significant method of collecting and analyzing environment-related data. Nevertheless, it should also be remembered that the observational analysis with an extensive item of phenomena may be very specialized and complex technical process.
GIS-based measures
Geographic information system has been widely used to characterize physical environment because of its advantage in processing data in different geographic scale, performing powerful spatial analysis and facilitating result visualization and interpretation. Characteristics of neighborhood destination, landform and transportation are the common variables measured using GIS (Coombes et al. 2010; Witten et al. 2011) . Safety was also mapped out using participatory GIS method (Wridt 2010) . Composite score, based on the generalization of each individual attribute such as density, connectivity, land use and retail area, was also calculated in GIS environment (Leslie et al. 2007 ).
GIS can be used as a good environment surveillance tool as it has been adopted in many objective measures. To implement GIS, spatial data are required to support spatial analysis. However, data incompleteness and inaccuracy may perplex the process of spatial auditing. Determination of analysis scale and boundary of neighborhood entails cautions because arbitrarily determined neighborhood boundary may not be representative to capture the relationship between the neighborhood environment and physical activity.
Integration of different measures
The above mentioned discussion on three measures notes strengths and weakness of their practical applications. There are studies critically scrutinize individual use of these measures. Several studies argue that integration of these measures is important to reduce their individual flaws and increase their usability. This section briefly reviews few literatures to show integrative uses of different measures.
Researches, in the area of both public health and urban planning, highlight the role of objective measure of physical environment in understanding physical activity behaviors (Leslie et al. 2007) . Despite the presence of physical activity promoting built environment/ infrastructure is important in shaping people's lifestyle. On the contrary previous studies suggest that only infrastructural development may not be sufficient and effective to encourage physical activity without sociocultural awareness (Gebel et al., 2011) . Therefore, both the presence of built environment and a positive perception of the residents are important variables in studying neighborhood environment. Realizing this fact, several studies employed both perceived environmental measures and observational or GIS-based measures in their research design (Boehmer et al. 2006; Franzini et al. 2010; Tilt et al. 2007 ). Nevertheless, there are studies pay less attention to combining perceived and objective measures of neighborhood attributes and physical activity behavior (Boehmer et al. 2006) . The following section describes existing practical and potential environmental interventions in promoting physical activity.
Improving built environment: practical interventions and physical activity
The review finds different infrastructural interventions and factors in stimulating engagement in physical activities. These include improving non-motorized transport infrastructure, increasing destination accessibility, reenforcing neighborhood safety, optimizing landform, increasing local amenities, and shape active perception. Figure 2 offers an integrated framework, which shows interaction between characteristics of built environment and interventions for improving engagement in physical activities. This section particularly focuses on the different infrastructural interventions, which are as following:
Improving non-motorized transport infrastructure Environmental interventions constitute one of the crucial approaches in promoting participation in physical activity (Leslie et al. 2007) . Design appropriate form of activity-friendly interventions that cater to most neighborhood residents are very important in urban planning and landscape design. There are evidences that environment-friendly non-motorized transport infrastructure is certainly important to promote non-motorized travel behavior (McMillan 2007) . Strategies such as separating pedestrians and cycling trails from vehicle lanes and linking those nonmotorized tracks with public transport might be helpful in encouraging physical activity.
Increasing accessibility
Walking access to everyday destinations is an important factor in determining population level of physical activity (Witten et al. 2011) . For example, developing full-service grocery stores within walking distance in residential areas and incorporate farmers' market as a complement into local community are suggested to facilitate neighborhood walking (Department of Design and Construction, 2010).
Reinforcing neighborhood safety
Traffic hazard and crime problem affect residents' participation in outdoor activity (Carver et al. 2010; Foster & Giles-Corti 2008) . Interventions such as trafficcalming practices, such as lowering speed limit and raising road hump in residential areas will upgrade traffic safety level, thereafter encourage outdoor activity. These interventions are particularly important for children and elderly people. Reinforcing surveillance of neighborhoods and maintenance of facilities might effectively reduce crime ensuring a safe active space. 
Optimizing landform
Attributes of landform such as density, land use mix, connectivity are robustly linked with physical activity (Leslie et al. 2007 ). Planners should emphasize on a well connected road network and hybrid land use when developing new neighborhood. For existing neighborhoods in which street connection is poor; construction of pedestrian paths linking residential blocks might be a good strategy to enhance people participation in walking, cycling and other physical activities (Department of Design and Construction, 2010) .
Increasing local amenities
Attractive neighborhood environment is a stimulus of outdoor activity (Craig et al. 2002) . Creating intriguing and aesthetic spots in the neighborhoods can effectively inspire people for exercise and interaction. Open spaces with activity facilitators such as benches and lights provide place to rest (Xiaolu and Rana 2012) . Cafes or churches in close proximity encourage people to interact and communicate. These places are important local amenities to accrue social capital, eventually forming a healthy neighborhood. Shape active perception Prior studies suggest that unawareness or underestimate of positive neighborhood environment limits physical activity behaviors (Gebel et al. 2011) . Besides creating more positive feature, making residents to realize neighborhood amenities and inspiring a spontaneously active lifestyle is crucial to promote physical activity. Social events such as monthly cycling, community hiking and collective outdoor exercises can be organized to raise awareness of neighborhood as well as importance of physical activity.
Conclusion
The article aims to demonstrate relations between physical activities and built environment. It was argued that built environment may act as stimulus or barriers of physical activities. Based on this argument, this article suggests that understanding physical attributes of built environment is important to enhance participation in physical activities. In addition, there are studies emphasize only a single measure of built environment, which undoubtedly miss out some other important variables. For this reason, it is hoped that the integrated measures of build environment and their relations with infrastructural interventions, articulated in this article, might be helpful in improving neighborhood environment as a participatory social and secured space. Above all, the integrated framework, which includes characteristics of build environment with respect to physical activities, measures of built environment, and options of practical interventions, may also be conducive in spatial planning and development of built environment. Moreover, the framework recommends some practical interventions for improvement of build environment which is in fact inevitable to encourage physical activities.
